INTRODUCTION
Alterations to plasma and serum enzymes represent subtle protein modifications associated with disease states. I t appears that these enzyme activities are associated with two or more closely-related multimolecular forms which are, nevertheless, chemically, physically and immunologically distinct 1 -10 • These components, isoenzymes, can be measured individually. I t is the purpose of this presentation to report on the isoenzyme composition oflactic dehydrogenase (LDH) in the tissues and plasma of normal individuals and of patients with various disease states.
METHODS AND MATERIALS
Lactic dehydrogenase activity was determined by the method previously described 11 • Zone electrophoresis was used to fractionate the LDH activities by a modification 12 of Smithers' method as described previously 13 • The patients studied were observed at the Memorial and J ames Ewing Hospitals in New York City, and diagnoses were confirmed by the usual clinical criteria andjor post mortem examination.
RESULTS
Heparinized plasma obtained from normal adults had a total LDH activity of 360 ± 60 units/ml, within a range of activity from 240 to 480 unitsfml at 30°. The plasma of normal adults contained all five plasma isoenzymes (LDH 1 , LDH 2 , LDH 3 , LDH 4 , and LDH 5 ). Electrophoretic migration rate Table 1 Iists the rates of electrophoretic migration of the human LDH isoenzymesrelative tothat of purified bovine haemoglobin. Table 2 gives the relative amounts of the isoenzymes present in the plasma of normal adults, expressed as approximate percentages of the total LDH, as determined by electrophoresis. In all cases, plasma LDH 4 was present in greater amounts than was plasma LDH 5 • E ....... 
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Relative mobility (ReH) Figure 2 . The velocity constants of inactivation at 53° of LDHb LDH:h LDH 3 and LDH., as a function of the relative electrophoretic mobilities of these isoenzymes
The human isoenzymes can be differentiated by physical, chemical and immunological characteristics. Figure 1 contrasts the thermal stabilities of LDH 1 and LDH 5 , while Fzgure 2 contrasts the velocity constants of inactiva· tion offour of the human isoenzymes at 53°. Figure 3 depicts the apparent energies of activation for the five isoenzymes relative to their mobilities on starch-gel. The percentage inhibition obtained immunologically using purified anti-LDH 1 and anti-LDH 5 against all five human isoenzymes is depicted in Figure 4 .
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Fi'_gure 3. The apparent energies ofactivation (for the reaction: lactate-pyruvate) using LDHh LDH2, LDH 3 , LDH 4 and LDH 5 , as a function of the relative electrophoretic mobilities of these isoenzymes
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Relative mobility (ReH) Examination of the LDH isoenzyrnes of normal human tissues indicates that different tissues contain different proportians of the five isoenzymes and that these occur in distinct patterns. Figure 5 shows the LDH compositions and the distribution patterns of the isoenzymes in various normal human tissues.
Plasma obtained from patients with myocardial infarction showed an increased content ofplasma LDH 4 and LDH 5 with the preponderant increase in the latter. Figure 6 lists the total plasma LDH and glutamic-oxaloacetic transaminase (GOT) and the relative distribution of the five LDH isoenzymes observed in patients with myocardial infarction. Figures 7, 8 and 9 depict the serial observation in patients who incurred transmural myocardial infarction. The plasma isoenzyme changes appear earlier in the course of myocardial infarction, and last Ionger following coronary occlusion, than the alteration in total plasma enzyrne activity. Figure 21 . The isoenzyme composition and total concentration of plasma LDH and the reticulocyte Ievel in a patient (L.F., 31 yrs. ~) with pernicious anaemia CONCLUSIONS Human tissues each contain one or more of these LDH isoenzymes, and each tissue has an individual and characteristic isoenzyme pattern.
The plasma isoenzyme pattern seen during the course of myocardial infarction appears to be a more sensitive, specific and Iasting parameter of myocardial necrosis than the measurernent of total serum or plasma enzyme activity.
Diseases of various other organs cause characteristic alterations of plasma isoenzyme composition, reflecting in part the isoenzyme composition of the diseased tissue. Further studies are essential to define the usefulness of plasma and tissue isoenzyme estimation in clinical situations.
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